Manipulating the valley degree of freedom to encode information for potential valleytronic devices has ignited a new direction in solid-state physics. A significant, fundamental challenge in the field of valleytronics is how to generate and regulate valley-polarized currents by practical ways. Here, we discover a new mechanism of producing valley polarization in a monolayer transition metal dichalcogenides superlattice, in which valley-resolved gaps are formed at the supercell Brillouin zone boundaries and centers due to the intervalley scattering.
hexagonal materials, such as graphene and monolayer transition metal dichalcogenides have two inequivalent degenerate valleys that are well separated in momentum space at the first Brillouin zone. The two valleys can exert the same effect as the electron spin in storing and carrying information, which leads to an emerging device concept known as valleytronics. Creating a valley polarization, compelling electrons to selectively populate one valley or another, is the prerequisite for valleytronic applications.
There were tremendous works devoted to generate valley-polarized currents by using edges [1] , doping [2] , line defects [3] , lattice strains [4] [5] [6] , or valley-dependent trigonal warping of the dispersions [7] . Meanwhile, the spin-like properties of the valley, such as the valley Hall effect [8] [9] [10] [11] [12] [13] [14] , the valley magnetic response [15] [16] [17] [18] , and the valley optical selection rules [9, 19] , allow us to manipulate the valley by electromagnetic [20] [21] [22] [23] [24] [25] [26] or optical field [27] [28] [29] [30] as we control the spin. These valley control schemes rely on specific materials properties or the inversion symmetry breaking in the two-dimensional hexagonal lattices. In fact, the valley-polarized current can be pumped simply by the ubiquitous nonmagnetic disorders, not relying on any specific material property, because the intervalley backscattering with the distinct momentum transfers cause a net transfer of population from one valley to another [31] . Based on the intra-and inter-valley scatterings, the switchable valley filter and valley source functions may be realized from the lateral junctions in graphene and transition metal dichalcogenides [32] . However, the exploration towards practical valley polarization for potential valleytronic devices remains an ongoing challenge.
Here, we discover a new mechanism to generate electrically tunable valley polarization based on the intervalley scattering in a monolayer transition metal dichalcogenides lateral superlattice. The intravalley backscattering of the charge carriers tunneling through such a semiconductor superlattice can form the conventional minibands and minigaps. On the other hand, due to the distinct momentum transfers on a finite Fermi surface, the intervalley backscattering can cause the novel valley-resolved minigaps. In general, the intervalley resonant tunneling phenomenon is hard to observe and is neglected due to the large distance between the two valleys. For the monolayer transition metal dichalcogenides lateral superlattice, however, two kinds of different multiple intervalley backscattering result in valley-resolved gaps at the supercell Brillouin zone boundaries and centers, respectively. Therefore, the superlattice can be used as a valley filter. The conductance can have a net valley polarization of 55% for a 4-period superlattice. This valley polarization arising from its momentum nature, rather than the spin-like properties, can be tuned by adjusting the incident energy or the external potential. Remarkably two superlattices in series may function as an electrostatically controlled valleyresistance device.
To understand the electronic properties of the monolayer transition metal dichalcogenides superlattices, let us analyze the situation of the electron tunneling through a single barrier of width on monolayer transition metal dichalcogenides first. In these two-valley materials with the parabolic dispersion relation, there are two kinds of intervalley resonant tunneling conditions. One is ( ) K q W n   and the other is ( ) K q W n   , as shown in Fig. 1 (a) , where q is measured from the valley center ± and is integer. Therefore, the intervalley resonant tunneling energies between the states K q  and ( ) K q   can be written as
where is the electron effective mass. And the intervalley resonant tunneling energies between the states K q  and ( ) K q   can be written as
On the other hand, the intravalley resonant tunneling conditions of the two valleys are identical, i.e., qW n  and the intravalley resonant tunneling energies are
As the number of the barriers or the period of the heterojunction increases, two kinds of intervalley resonant levels will evolve into two sets of valley-dependent minibands and the corresponding minigaps appear alternately at different energy regions.
In order to prove the tunable electrically valley polarization in the monolayer transition metal dichalcogenides lateral superlattice, the valley-dependent electron transport along zigzag direction in a monolayer MoS 2 /WS 2 superlattice is studied as example. A schematic depiction of the device based on MoS 2 /WS 2 is shown in Fig.   1 x y d  orbitals [33] . The monolayer transition metal dichalcogenides can be described by the following Hamiltonian:
where † i c is the creation operator for electron on site i . , ' i i   run over all the nearest neighbor hopping sites. '
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Let us focus on the bottom of the conduction band, where the spin-orbit coupling of the system is weak and can be ignored. The conduction band offset of MoS 2 and WS 2 is about 150meV, which can be obtained by calculating the band structure of monolayer MoS 2 and WS 2 described Eq. (4). The superlattice potential is shown in the lower panel in Fig. 1 (b) . The conduction band bottom of monolayer MoS 2 is defined as the zero of energy. Fig. 1 (c) shows an example of the superlattice energy bands, with = 10 , = 5 , being the lattice constant of MoS 2 . The growth of sub-2-nm quantum-well arrays in semiconductor monolayers has been implemented experimentally [36] . There is a sizable bandgap δ corresponding to the multiple intravalley reflection. In addition, it is interesting that two gaps , and induced by two kinds of intervalley reflection, respectively, are opened at the boundary ( = ± / ) and center ( = 0) of the supercell Brillouin zone [indicated by the arrows in Fig. 1 (c) ]. Fig. 1 (d) is a zoom-in of the band dispersion with a cut at In the energy gap δ shown in Fig. 2 (b) , the reflection of the system is mainly contributed by the intravalley reflection coefficients, are also different greatly in the valley-resolved gaps and . Therefore, this leads to a pronounced valley polarization almost reaching 60%, as shown in Fig. 3 (b) . Moreover, it is found that the direction and strength of valley polarization can be controlled by the incident energy.
One of the key factors to produce valley-polarized currents in practice is the period of the superlattice in the scattering region. Fig. 3 (c 
